of the term "sustainable seafood" have included specific elements such as locally caught, wild harvested, fresh, whole, and sourced from effectively managed fisheries (eg, low impact on habitat, not overfished). 3, 4 Missing from the sustainable seafood movement is the health and safety of fishing industry workers who harvest the fish and initiate the seafood supply chain.
Although several recent studies have examined fatal and nonfatal injuries in specific fishing fleets or regions in the United States, [5] [6] [7] [8] the most recent epidemiologic profile of work-related mortality for the entire US fishing industry was published in 2010. 9 The study used surveillance data to describe fishing industry fatalities during the decade of [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . In that study, 504 worker fatalities were identified, an average of 50 work-related deaths per year. The majority of fatalities were caused by vessel disasters (52%) and falls overboard (31%). The Alaska region had the highest number of fatalities (133, 26%), followed by the Northeast (124, 25%) and Gulf of Mexico (116, 23%) regions. The study noted that the annual number of fatalities in the industry had declined gradually since the previous decade of the 1990s. That modest decline was consistent with an international analysis of trends in fatal incidence rates, which found that overall risk in fishing declined in Europe and North America over a three decade period . 10 Lincoln and Lucas 9 also reported fatality rates for eight large fishing fleets, ranging from 115 to 600 deaths per 100 000 full-time equivalent (FTE) workers, substantially higher than the rate for all US workers. The methodology used in the study for calculating the FTE denominators in fatality rates had been used in several previous studies. [11] [12] [13] However, the FTE calculations in those studies were not based on the standard method widely used by other research institutions, 14 making it difficult to compare the rates with others outside of the particular study.
Given the limitations of the previously published FTEs and rates, along with the outdated published national fatality data, the purpose of this study was to (1) provide updated statistics for the entire US commercial fishing industry by conducting a descriptive analysis of fatalities, with a particular emphasis on those occurring more recently during 2010-2014; (2) generate fleet-specific fatality rates using a revised calculation of FTE estimates; and (3) examine changes in the patterns of fatalities and in risk over a 15-year period.
2 | METHODS
| Case definition
Cases of fatal work-related injuries in the US fishing industry during 2000-2014 were identified and extracted from the Commercial Fishing Incident Database (CFID). This surveillance system, maintained by the National Institute for Occupational Safety and Health (NIOSH), is a nationwide database containing information on all fatalities in the US commercial fishing industry. NIOSH developed CFID to collect data on commercial fishing fatalities and to identify high-risk fleets (defined by species targeted, type of fishing gear used, and location of fishing grounds).
For inclusion in CFID, fatalities must be the result of a traumatic injury, defined as "any wound or damage to the body resulting from acute exposure to energy . Onshore injuries occurred while on land, including on a dock or float.
Falls into water from a dock were coded as onshore injuries, not falls overboard. If a fall into water occurred while boarding or disembarking a fishing vessel, the fatality was coded as a fall overboard if the decedent was in contact with the vessel, or as an onshore injury if the decedent was in contact with the dock. Diving injuries occurred when the worker was intentionally in the water for the purpose of harvesting or other work-related tasks (eg, diving to untangle a line or net from the propeller).
Fatalities occurred in five fishing regions of the United States: East Coast, Gulf of Mexico, West Coast, Alaska, and Hawaii. Fatal injuries that involved US fishing vessels in Canadian waters while in transit to or from Alaska were included in the Alaska region counts.
| Workforce data (exposure)
Period fatality rates were calculated for fleets with five or more fatalities during the 5-year periods 2000-2004, 2005-2009, and 2010-2014 , where workforce data were available. These fleet-specific fatality rates enabled the comparison of risk between fishing fleets that have different levels of exposure as measured by the number of vessels, workers, and days at sea. The rates adjust the number of fatalities in each fleet based on a common denominator of 100 000 FTE workers. In this study, the method for calculating the FTE denominator was revised from earlier NIOSH publications to enhance the validity of the rates and standardize the calculation with the currently accepted method widely used by other agencies and academic institutions. As a result of these changes, the fishing fatality rates published in this study are not comparable to rates published in previous NIOSH studies, such as Lucas and Lincoln, 11 Lincoln and Lucas, 9 and Thomas et al. 13 However, to enable comparisons during 2000-2014 of fleet-specific fatality rates in this study, the previously published rates from 2000 to 2009 were recalculated using the revised standard method.
The previously published FTEs 9 were calculated by multiplying the number of vessels that made at least one landing in the fishery during the calendar year by the mean operating days for vessels in the fishery, and by the mean crew size for vessels in the fishery. The product, "crew-days," was then divided by 250 standard 8-h workdays in 1 year.
Finally, fisheries with short seasons (<15 days duration) were weighted by a factor of three (essentially increasing 8-h days to 24-h days), and medium seasons (15-49 days) were weighted by a factor of two (increasing 8-h days to 16-h days). Seasons lasting longer than 49 days were not weighted.
The methodological justification for weighting the FTEs based on season length was that crewmembers in fisheries with shorter seasons worked longer hours per day than crewmembers in fisheries with longer seasons, and in that way had greater exposure to hazards. This framework implied that workers on fishing vessels were only at risk of injury or death when they were on-duty.
However, previous studies of fatalities using that FTE included deaths in the numerator that occurred at any time, including to workers off-duty, creating incongruity between the cases in the numerator and exposure time in the denominator. Because of the unique setting in which commercial fishing takes place (ie, workers are exposed to work-related hazards even when off-duty), in this study, workers in the fishing industry were considered to be "at work" the entire time they were at sea.
A revised FTE formula was used in this study to account for all exposure time of cases in the denominator. The first part of the calculation was the same as the previous method, and used the same data inputs: 16 the number of vessels that made at least one landing in the fishery during the calendar year were multiplied by the mean operating days for vessels in the fishery, and by the mean crew size for vessels in the fishery. The product, "crew-days," was the same for both methods, but diverge at the next step. The revised calculation This study received a determination of "non-human subjects research"
by the NIOSH IRB. All required safeguards for data security and protection were followed by the study team. Sixteen percent of fatalities in the US fishing industry during 2010-2014 were attributed to injuries sustained onboard vessels. The leading causes of these deaths were becoming entangled in fishing gear (7, 23%), poisoning (6, 19%) , and being struck by fishing gear or equipment (5, 16%). Over half of the gear entanglement deaths occurred in the Gulf of Mexico shrimp fleet as four fishermen died when they became entangled in deck winches. All fatal poisonings during this period were unintentional drug overdoses.
On the East Coast, vessel disasters and falls overboard were the leading fatal incident types, each resulting in 22 deaths (Table 3 ). The
Northeast lobster fleet experienced the most fatalities in the region with 10 crewmember deaths, followed by the Atlantic scallop fleet with six fatalities (Table 4) .
Over three-quarters of fatalities in the Gulf of Mexico occurred during vessel disasters (25, 51%) or after falls overboard (13, 27%) (Table 3) . About half of all fatalities in the region occurred in the shrimp fleet (25, 51%) ( Table 4) .
Most deaths in Alaska were distributed among vessel disasters (15, 33%), falls overboard (14, 31%) and onboard injuries (12, 27%) ( Table 3 ). Ten of the 15 deaths from vessel disasters in Alaska involved
crewmembers working in open skiffs that swamped or capsized. The salmon set gillnet fleet experienced the most fatalities in the region, with seven deaths, followed by pot cod (6) and salmon drift gillnet (5) ( Table 4) .
Thirty fatalities occurred on the West Coast, with the majority from vessel disasters (18, 60%) ( Table 3) . Falls overboard and dive-related injuries caused the same number of deaths, each resulting in four fatalities. The Dungeness crab fleet had the most fatalities with eight deaths, of which five were in the non-tribal sector (Table 4) .
Fleet-specific fatality rates using the revised, improved FTE calculations are shown for each 5-year period in Table 4 (Table 4) .
In Alaska, the number and percentage of deaths due to each incident type were fairly similar between the first two time periods, although an increase in fatal onboard injuries was observed during 2010-2014 (Table 3) (Table 4) .
Vessel disasters have consistently been the leading cause of fatalities on the West Coast, resulting in 60% or more of commercial fishing fatalities in each 5-year period (Table 3 ). The proportion of deaths due to falls overboard decreased during 2010-2014, while diving fatalities increased in both frequency and proportion in this period. The most recent 5-year period also had a decrease in the nontribal Dungeness crab fleet fatality rate compared to the preceding periods (Table 4) . 
| DISCUSSION
The analysis of more recent fatality data in this study (2010) (2011) (2012) (2013) (2014) revealed that vessel disasters and falls overboard remain leading contributors to commercial fishing deaths. NIOSH has recommended that vessel owners and operators review their vessel's stability and watertight integrity, and take action to improve and maintain those key conditions. 12, 17, 18 In situations where primary prevention of vessel disasters is not successful, and crewmembers are forced to abandon ship, it is imperative that well-maintained and fully functional safety equipment is onboard, including life-rafts and immersion suits, to protect fishermen from the effects of cold water immersion.
Additionally, crewmembers must know how to use the equipment correctly while under extreme psychological stress. Marine safety training and monthly emergency drills are designed to provide crewmembers with the knowledge and skills they need to respond to vessel sinkings and other vessel emergencies. 19 All crewmembers should take marine safety training as recommended by NIOSH 18 and participate in monthly drills as required by federal regulations. should be considered to alert others of a fall overboard and potentially shut off the engine. 11 The use of re-boarding ladders may also be useful in enabling self-rescue should a fall occur.
Winch entanglements have been associated with both fatal and nonfatal traumatic injuries in the Gulf of Mexico shrimp fleet, 23, 9 and the findings from this study show that deaths due to these entanglements continue to occur in the fleet. Expanding on previous engineering solutions to prevent winch entanglements, 24 prototype testing of stationary guards and auxiliary stops is currently underway with fishermen to inform development of devices that would prevent or reduce the severity of entanglements. 25 If proven to be effective and widely adopted, these mechanisms could greatly reduce the incidence of injuries due to entanglement in drum and try-net winches on commercial shrimp vessels.
One issue that this study identified was the prevalence of unintentional drug overdoses onboard commercial fishing vessels, in addition to other types of fatalities where drug or alcohol use may have contributed. While this is generally an issue that requires attention outside of a traditional marine safety solution, vessel owners and operators should consider creating and enforcing policies prohibiting the use of drugs and/or alcohol on board.
The revised FTE formula presented in this study has improved the validity of fatality rates by including all exposure time of cases in the denominator. The new formula also improved the comparability of rates to other industries by using a standard, widely accepted method.
The average annual occupational fatality rate for all US workers during 2010-2014 was 3.4 deaths per 100 000 FTEs. 14 
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